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@  Alignment  technique  for  a  scanning  beam. 

  An  alignment  system  for  registration  of  a  scanning  beam 
in  a  mask  inspection  tool.  Minimum  scan  widths  (W)  in  the  reg- 
istration  process  are  attained,  thereby  increasing  registration 
sensitivity.  This  technique  allows  initial  placement  of  the  E- 
beam  to  be  outside  the  capture  range  so  that  the  scan  (1A)  on 
one  side  of  a  mask  portion  (3)  is  completely  off  the  metal  (on 
glass)  and  the  scan  (1  B)  on  the  other  side  is  completely  on  the 
metal.  Correction  signals  are  obtained  by  comparing  (subtract- 
ing)  the  backscattered  electron  signals  from  the  two  scans, 
with  the  magnitude  of  the  resulting  signal  being  indicative  of 
the  amount  of  correction  required  and  the  sign  being  indicative 
of  the  direction  of  correction. 



Background  of  the  I n v e n t i o n  

Fie ld   of  the  I n v e n t i o n  

This  i n v e n t i o n   r e l a t e s   to  an  au tomat ic   beam  a l ignment   system  for  t e s t i n g ,  

measurement,   and  v e r i f i c a t i o n   of  high  c o n t r a s t   image  p a t t e r n s .  

Pr io r   A r t  

R e g i s t r a t i o n   is  r e q u i r e d   to  c o r r e c t   for  a  lack  of  over lay   between  a  

scanning  beam  and  t a r g e t   f e a t u r e s .   This  misa l ignment   r e s u l t s   from  t a r g e t  

f a b r i c a t i o n   and  beam  d e f l e c t i o n   t o l e r a n c e s .   To le rances   for  each  are  s m a l l  

over  shor t   d i s t a n c e s   but  are  s i g n i f i c a n t   over  the  d e f l e c t i o n   range  of  t h e  

i n s p e c t i o n   too l .   Known  r e g i s t r a t i o n   t echn iques   may  employ  the  measurement  

of  e i t h e r   t r a n s m i t t e d   or  r e f l e c t e d   l i g h t ,   r e f l e c t e d   or  secondary  e l e c t r o n s ,  

or  b a c k s c a t t e r e d   c u r r e n t s   when  a  c o n t r o l l a b l e   beam  is  s e l e c t i v e l y   a d d r e s s e d  

onto  the  uni t   to  be  i n s p e c t e d   with  c o n t r o l l e d   a l ignment .   Reference   is  made 

to  " R e g i s t r a t i o n   Mark  D e t e c t i o n   For  E l ec t ron   Beam  L i thography-EL-1   S y s t e m s " ,  

Davis,   IBM  J.  Res.  Dev.,  Vol.  25,  No.  5 ,   pp.  545-553,  September  1980. 

Davis  examines  va r ious   t echn iques   of  au tomat ic   wafer  r e g i s t r a t i o n   i n  

E-beam  l i t h o g r a p h y .   This  is  used  to  l o c a t e   d i f f e r e n c e s   in  su r f ace   t o p o l o g y  

as  d i s t i n g u i s h e d   from  d i f f e r e n c e s   in  m a t e r i a l s .  

The  d i f f e r e n c e   between  i n t e g r a t e d   s i g n a l s   r e s u l t i n g   from  scanning  e q u a l  

areas   s t r a d d l i n g   oppos i t e   s ides   of  f e a t u r e s   is  a  c o r r e c t i o n   s i g n a l   h a v i n g  

a  p o l a r i t y   r e l a t e d   to  the  d i r e c t i o n   and  an  ampl i tude  p r o p o r t i o n a l   to  t h e  

magnitude  of  the  b e a m - t o - f e a t u r e   t r a n s l a t i o n   e r r o r .  

Reference   is  made  to  U.S.  p a t e n t s   4 ,357,540  and  4 ,365 ,163 .   These  p a t e n t s  

d i s c l o s e   a  r e g i s t r a t i o n   scheme  u t i l i z i n g   a  scanning  beam  system  for  mask 

i n s p e c t i o n   by  scanning  reg ions   s t r a d d l i n g   oppos i t e   edges  of  f e a t u r e s   on 

the  s u b s t r a t e   to  be  i n s p e c t e d .  

P r io r   ar t   r e l a t i n g   to  a l ignment   t e chn iques   u t i l i z e s   d i f f e r e n t   a p p r o a c h e s .  

For  example,  U.S.  p a t e n t s   4 ,301 ,370;   4 ,238 ,780 ;   4 ,209 ,830;   and  4 , 2 0 3 , 0 6 4  

a l l   r e l a t e   to  t e chn iques   for  a l i g n i n g   i n t e g r a t e d   c i r c u i t   chips  for  p u r p o s e s  

of  bonding.   U.S.  pa t en t   3 ,670,153  r e l a t e s   to  a  t echn ique   for  a l i g n i n g  

s u b s t r a t e s   p r i o r   to  apply ing   the  chips  bor  bonding.   U.S.  pa t en t   3 , 9 2 4 , 1 1 3  



r e l a t e s   to  a  t echn ique   of  a l i g n i n g   an  e l e c t r o n   beam  scanned  f i e l d   to  a  
w a f e r .  

The  a b o v e - d e s c r i b e d   p a t e n t s   r e q u i r e   a  l a rge   scan  window  to  provide   t h e  

cap ture   range  needed  to  ensure  a l ignment   over  the  range  of  t o l e r a n c e s  

a f f e c t i n g   the  p r e - a l i g n m e n t   p o s i t i o n i n g   of  the  ob jec t   to  be  a l i g n e d .   I f  

the  f e a t u r e s   are  not  con ta ined   w i th in   the  scanned  windows,  i t   is  n o t  

p o s s i b l e   to  gene ra te   a  va l id   c o r r e c t i o n .   The re fo re ,   a l ignment   a c c u r a c y  

cannot  be  i n c r e a s e d   by  reducing  the  scanned  window  s ize .   These  p r i o r   a r t  

t echn iques   t h e r e f o r e   cannot  handle  an  out  of  range  c o n d i t i o n   where  a  p i e c e  

lays  ou t s ide   the  r e s p e c t i v e   scan  windows. 

U.S.  p a t e n t s   3 ,955,072;   4 ,052 ,603;   and  4 ,103,998  r e l a t e   to  o p t i c a l   mask  t o  

wafer  a l ignment   t e c h n i q u e s .   U.S.  pa t en t   3 ,876,883  r e l a t e s   to  a  system  f o r  

a l i g n i n g   a  mask  to  a  wafer  in  an  e l e c t r o n   beam  p r o j e c t i o n   system.  These  

p r i o r   ar t   devices   determine  the  r e l a t i o n s h i p   of  superimposed  images  o f  

pa i r s   of  known  f e a t u r e s   on  two  o b j e c t s ,   that   is  the  mask  and  wafer ,   t o  

provide  mutual  a l ignment .   No  a t tempt   is  made  in  these  systems  to  a l i gn   t h e  

ob jec t s   to  a  scanning  beam.  F i n a l l y ,   U.S.  pa t en t   3 ,575,588  d e s c r i b e s   a  

technique   for  w r i t i n g   wir ing   p a t t e r n s   on  s u b s t r a t e s   with  an  e l e c t r o n   beam. 

In  accordance  with  th i s   pa t en t   the  amount  of  data  r equ i r ed   for  c o n t r o l   o f  

the  beam  sweep  and  d e f l e c t i o n   is  reduced.   Alignment  is  not  a  par t   of  t h i s  

t e c h n o l o g y .  

Known  r e g i s t r a t i o n   t echn iques   t h e r e f o r e   commence  by  scanning  f e a t u r e s   and 

g e n e r a t i n g   a  c o r r e c t i o n   value  which  is  then  app l i ed .   In  accordance  w i t h  

known  t echnology ,   r e g i s t r a t i o n   s e n s i t i v i t y   is  i n v e r s e l y   p r o p o r t i o n a l   t o  

the  width  (W)  of  the  areas  scanned  for  r e g i s t r a t i o n ,   i . e .   scan  windows. 

Consequent ly ,   minimizing  the  value  of  W  is  an  impor tan t   c r i t e r i o n   in  any 

system.  The  minimum  value  of  W  is  de termined  by  the  cap ture   range  (C) 

r equ i r ed   to  insure   r e g i s t r a t i o n   over  the  range  of  the  mask  and  t h e  

e l e c t r o n   beam  d e f l e c t i o n   t o l e r a n c e s .   As  such,  W  >  2C. 

Another  d e f i c i e n c y   in  these  systems  is  the  r equ i rement   for  u t i l i z i n g  

r e g i s t r a t i o n   marks  to  reduce  the  s u b - f i e l d   r e g i s t r a t i o n   cap ture   range  to  a 

r e a s o n a b l e   value  when  mask  t o l e r a n c e s   approach  s eve ra l   t en ths   of  a  m i c r o -  

meter.  This  is  e s p e c i a l l y   t rue  in  the  case  of  o p t i c a l l y   genera ted   p h o t o  

masks.  Use  of  a  chip  r e g i s t r a t i o n   mark  impacts  system  throughput   by 

app rox ima te ly   10%  and  r e q u i r e s   tha t   reg ions   of  product   area  be  set  a s i d e  



for  r e g i s t r a t i o n   marks  at  each  chip  s i t e .   There  is  no  c a p a b i l i t y   f o r  

hand l ing   the  o c c a s i o n a l   out  of  range  c o n d i t i o n   which  w i l l   i n e v i t a b l y   o c c u r .  

In  these  systems  the  bes t   tha t   can  be  done  is  to  apply  the  maximum  c o r r e c -  

t ion  (W/2)  with  the  hope  that   i t   also  proves  to  be  s u f f i c i e n t l y   a c c u r a t e .  

These  t echn iques   are  also  s e n s i t i v e   to  b a c k s c a t t e r   cu r r en t   v a r i a t i o n s  

p r i m a r i l y   because  of  mask  m a t e r i a l   t h i c k n e s s   t o l e r a n c e s .   This  r e s u l t s   i n  

c o r r e c t i o n   e r r o r s   which  are  p r o p o r t i o n a l   to  the  c o r r e c t i o n   needed.  Such 

e r r o r s   are  s i g n i f i c a n t   when  the  maximum  c o r r e c t i o n   is  needed  un less   some 

c o r r e c t i o n   t echn ique   is  employed.  

Summary  of  the  I n v e n t i o n  

Given  the  shor tcomings   in  the  p r i o r   a r t ,   i t   is  an  ob jec t   of  the  p r e s e n t  

i n v e n t i o n   to  def ine   a  r e g i s t r a t i o n   system  tha t   al lows  i n i t i a l   placement   o f  

the  scanning  beam  to  be  o u t s i d e   the  cap tu re   range  so  tha t   the  scan  window 

on  one  side  is  d i r e c t e d   comple te ly   onto  one  m a t e r i a l   (high  c o n t r a s t )   w h i l e  

the  scan  window  on  the  o ther   side  is  comple te ly   on  a  d i f f e r e n t   m a t e r i a l  

(low  c o n t r a s t ) .  

Yet  another   ob jec t   of  t h i s   i n v e n t i o n   is  to  def ine   a  system  of  r e g i s t r a t i o n  

which  e l i m i n a t e s   the  e f f e c t   of  b a c k s c a t t e r e d   cu r r en t   v a r i a t i o n s .  

These  and  o ther   o b j e c t s   of  th i s   i n v e n t i o n ,   as  c laimed,   are  accompl ished  by 

a  r e g i s t r a t i o n   wherein  a  beam  is  scanned  over  equal  areas  at  n o m i n a l  

l o c a t i o n s   on  oppos i t e   s ides   of  p a t t e r n s   in  a  given  f i e l d   on  a  s u b s t r a t e .  

D i f f e r e n t   s i g n a l   l e v e l s   are  ob ta ined   when  scanning  high  c o n t r a s t   v e r s u s  

low  c o n t r a s t   a r e a s .  

While  scanning  such  that   the  beam  s t r a d d l e s   the  edge  of  a  f e a t u r e ,   t h e  

d e t e c t o r   output   s i gna l   w i l l   approach  the  high  c o n t r a s t   s i gna l   l eve l   a s  

more  and  more  of  the  e l e c t r o n   beam  impinges  on  the  high  c o n t r a s t   area  o f  

the  t a r g e t .   Converse ly ,   the  s i gna l   w i l l   approach  the  low  c o n t r a s t   s i g n a l  

l eve l   as  more  of  the  beam  impinges  on  the  low  c o n t r a s t   area.   The  d i f f e r e n c e  

between  the  s igna l   l eve l s   ob ta ined   by  i n t e g r a t i n g   these  s i g n a l s   p r o d u c e d  

while  scanning  equal  areas  s t r a d d l i n g   oppos i t e   s ides   of  a  f e a t u r e ,   has  a 

magnitude  p r o p o r t i o n a l   to  the  beam  to  p a t t e r n   a l ignment   e r r o r ,   and  a  s i g n  

tha t   co r responds   to  the  d i r e c t i o n   of  t h i s   over lay   e r r o r .  



The  p resen t   i n v e n t i o n   allows  the  use  of  minimum  width  (W)  scan  windows  i n  

the  r e g i s t r a t i o n   process   to  i n c r e a s e   r e g i s t r a t i o n   s e n s i t i v i t y .   P r io r   a r t  

t echn iques   have  u t i l i z e d   a  window  width  which  is  l i m i t e d   by  a  c a p t u r e  

range  (C)  such  that   W >  2C.  In  accordance  with  the  p r e sen t   i n v e n t i o n  

however,  i n i t i a l   placement  of  the  beam  may  be  ou t s ide   the  cap ture   r a n g e ,  
such  that   the  scan  on  one  side  is  comple te ly   on  the  high  c o n t r a s t   m a t e r i a l ,  

while  the  scan  on  the  other   side  is  complete ly   on  the  low  c o n t r a s t  

m a t e r i a l ,   such  that   a  maximum  c o r r e c t i o n   s igna l   is  o b t a i n e d .  

This  i n v e n t i o n   wi l l   now  be  de sc r i bed   in  g r e a t e r   d e t a i l   by  r e f e r r i n g   to  t h e  

a t t a ched   drawings  and  the  d e s c r i p t i o n   of  the  p r e f e r r e d   embodiment  of  mask 

i n s p e c t i o n   with  a  shaped  spot  e l e c t r o n   beam. 

Br ief   D e s c r i p t i o n   of  the  Drawings  

Fig.  1  is  a  schematic   drawing  showing  r e g i s t r a t i o n   scan  areas  on  a  

spec imen ;  

Fig.  2  is  a  schematic   drawing  i l l u s t r a t i n g   a  s u c c e s s i v e   beam  scan  p o s i t i o n -  

i n g ;  

Fig.  3  is  a  block  diagram  of  a  system  i n c o r p o r a t i n g   the  s u c c e s s i v e  

p o s i t i o n i n g   r e g i s t r a t i o n   t echnique   in  accordance  with  the  p r e sen t   i n v e n -  

t i o n ;  

Fig.  4A  is  a  block  diagram  showing  the  c o r r e c t i o n   increment   g e n e r a t o r   o f  

Fig.  3;  

Fig.  4B  is  a  graph  p l o t t i n g   i n t e g r a t o r   output  as  a  f unc t i on   of  t i m e ;  

Fig.  5  is  a  block  diagram  showing  the  c o r r e c t i o n   g e n e r a t o r   of  Fig.  3;  and 

Fig.  6  is  a  block  diagram  showing  the  beam  p o s i t i o n   c o r r e c t i o n   d r ive r   o f  

Fig.  3.  

D e s c r i p t i o n   of  the  P r e f e r r e d   Embodiment 

Refe r r ing   now  to  Figs.  1  and  2,  schematic   drawings  dep ic t   the  b a s i c  

r e g i s t r a t i o n   t echnique   in  accordance  with  th i s   i n v e n t i o n .   As  shown  i n  



Fig.  1,  the  bas ic   concept  as  employed  by  the  p r e sen t   i n v e n t i o n   is  tha t   a  

shaped  beam  spot  scans  over  equal  areas   i l l u s t r a t e d   as  windows  1A  and  1B 

at  nominal  l o c a t i o n s   s t r a d d l i n g   oppos i t e   s ides   of  a  metal  f e a t u r e   3  in  a  

given  f i e l d   on  a  conduc t ive   coated  g lass   s u b s t r a t e   4.  Fig.  1  shows  i n  

schemat ic   form  m e t a l i z a t i o n   f e a t u r e s   3  and  3 ' .  

D i f f e r e n t   numbers  of  e l e c t r o n s   w i l l   be  b a c k s c a t t e r e d   from  the  g lass   areas   4 

and  the  metal  areas   3  and  3 ' .   The  d i f f e r e n c e   between  the  s i g n a l   l e v e l s  

ob ta ined   by  i n t e g r a t i n g   the  s i g n a l s   produced  from  the  b a c k s c a t t e r e d  

e l e c t r o n s ,   while   scanning  each  of  the  windows  (lA  and  1B),  has  a  m a g n i t u d e  

that   is  p r o p o r t i o n a l   to  the  beam  to  p a t t e r n   e r ro r   (over lay)   and  a  s i g n  

which  co r responds   to  the  d i r e c t i o n   of  the  over lay   e r r o r .  

The  p r e s e n t   i n v e n t i o n   depa r t s   from  the  p r io r   a r t   i d e n t i f i e d   he re inabove   by 

e l i m i n a t i n g   the  problem  of  accuracy  loss   with  la rge   cap tu re   range  i n c r e a s e ,  

minimizes  the  e f f e c t s   of  unwanted  t a r g e t   b a c k s c a t t e r   v a r i a t i o n ,   and 

handles   the  c o n d i t i o n   where  the  scans  do  not  s t r a d d l e   f e a t u r e   edges.  As 

shown  in  Fig.  1  two  areas   1A  and  1B  are  scanned  and  a  c o r r e c t i o n   is  d e t e r -  

mined  based  upon  the  d i f f e r e n c e   in  b a c k s c a t t e r   from  the  two  a reas .   The 

c o r r e c t i o n   is  added  to  the  net  r e s u l t   of  the  c o r r e c t i o n s   which  were  

app l i ed   during  scanning ,   to  form  a  new  c o r r e c t i o n .   If  r e s c a n n i n g ,   i . e .  

r e p e a t i n g   the  f i e l d   r e g i s t r a t i o n   scan  sequence,   is  performed,   the  r e s u l t i n g  

c o r r e c t i o n   co r responds   to  the  e r ro r   in  a p p l i c a t i o n   of  the  p rev ious   c o r r e c -  

t ion .   The re fo re ,   i t   w i l l   be  s i g n i f i c a n t l y   sma l l e r .   This  t echn ique   a l l o w s  

for  r e g i s t r a t i o n   even  if  the  scans  do  not  s t r a d d l e   f e a t u r e   edges  on  t h e  

f i r s t   pass.   The  system  al lows  for  s u c c e s s i v e   updates   to  the  beam  p o s i t i o n  

u n t i l   a c c e p t a b l e   a l ignment   has  been  a c h i e v e d .  

Fig.  2  i l l u s t r a t e s   s u c c e s s i v e   pa i r s   (A,  B)  of  scan  windows  (1-4)  which  a r e  

shown  s l i g h t l y   s h i f t e d   in  the  y  axis  d i r e c t i o n   for  c l a r i t y .   P o s i t i o n  

c o r r e c t i o n s   are  made  in  the  (X)  d i r e c t i o n .  

As  shown  in  Fig.  2  the  f i r s t   scan  window  pa i r   (lA,  1B)  is  m i s p o s i t i o n e d   so 

that   the  f e a t u r e   edges  are  comple te ly   missed.   That  is ,   as  shown  in  Fig.  2 ,  

a  window  of  width  (W)  does  not  in  any  way  over lap   the  edges  of  m e t a l  

f e a t u r e   3.  This  r e s u l t s   in  a  maximum  p o s i t i o n   c o r r e c t i o n   i n c r e m e n t  

e q u i v a l e n t   to  ha l f   the  window  width  (W/2)  being  app l i ed   to  the  beam.  I t  

also  r e s u l t s   in  a  s i gna l   d e s i g n a t e d   as  C o r r e c t i o n   Increment   Exceeds  L i m i t  

being  sent  to  a  d i g i t a l   c o n t r o l l e r   to  a u t o m a t i c a l l y   i n i t i a t e   a  rescan  a t  



the  updated  p o s i t i o n .   Such  wi l l   be  exp la ined   h e r e i n a f t e r   r e l a t i v e   t o  

Figs.   3-6.  The  example  of  Fig.  2  i l l u s t r a t e s   the  scan  windows  o v e r l a p p i n g  

the  f e a t u r e   edges  a f t e r   3  p o s i t i o n   upda tes ,   tha t   is ,   windows  (4A,  4B) .  

Final   a l ignment   is  achieved  by  the  less   than  maximum  (W/2)  p o s i t i o n  

c o r r e c t i o n   increment   being  app l i ed   a f t e r   the  fou r th   scan.  It  is  noted  t h a t  

if  another   scan  sequence  occurred   the  scan  windows  would  be  s y m m e t r i c a l l y  

p o s i t i o n e d   r e l a t i v e   to  the  f e a t u r e   edges  and  thus  would  i n d i c a t e   no 

f u r t h e r   c o r r e c t i o n   was  n e e d e d .  

Given  th i s   i t e r a t i v e   technique   i t   is  p o s s i b l e   to  spec i fy   a  maximum 

a l lowable   i nc r emen ta l   c o r r e c t i o n   which  is  small  enough  so  e r ro r s   caused  by 

b a c k s c a t t e r e d   cu r ren t   v a r i a t i o n s   wi l l   be  a c c e p t a b l e .   Should  the  l i m i t   be  

exceeded  a  rescan  is  performed.   This  t echnique   also  accommodates  e r r o r s  

beyond  the  normal  cap ture   range  s ince  a  c o r r e c t i o n   s i gna l   equal  to  t h e  

cap ture   range  would  be  app l i ed .   Thus,  on  some  subsequent   r e scan ,   the  s c a n  

windows  would  be  p o s i t i o n e d   wi th in   the  cap ture   range.  R e g i s t r a t i o n  

s e n s i t i v i t y   can  be  as  good  as  needed  because  th i s   t echn ique   al lows  the  u s e  

of  a  small  window  width  (W)  and  the  c o r r e c t i o n   range  is  independent   of  t h e  

cap ture   range.  Rescanning  can  be  complete ly   automated  u t i l i z i n g   t h e  

C o r r e c t i o n   Increment  Exceeds  Limit  comparator   output   s i g n a l   (Fig.  5)  t o  

cause  the  con t ro l   hardware  to  r epea t   the  r e g i s t r a t i o n   scan  sequence  when  a 

c o r r e c t i o n   increment   that   is  at  or  near  the  maximum  is  a p p l i e d .  

Fig.  3  shows  an  example  of  a  r e g i s t r a t i o n   system  u t i l i z i n g   th i s   i t e r a t i v e  

t echn ique .   Fig.  3  i l l u s t r a t e s   in  h ighly   schemat ic   form  an  E-beam  column  10 

having  an  E-beam  source  12  emi t t i ng   a  scanning  beam  14  through  v a r i o u s  

d e f l e c t i o n   p l a t e s   16.  The  beam  14  is  s t e e r e d   as  shown  in  Fig.  3  onto  a 

sample  18  p o s i t i o n e d   on  an  X-Y  t ab le   20  wi th in   the  evacuated  E-beam  column. 

Such  E-beam  g e n e r a t i o n ,   d e f l e c t i o n   and  scanning  t echn iques   are  well  known 

in  the  t e c h n o l o g y .  

As  shown  in  Fig.  3  b a c k s c a t t e r e d   e l e c t r o n   sensors   22,  24  are  p o s i t i o n e d  

above  the  sample  18  to  r ece ive   and  sense  b a c k s c a t t e r e d   e l e c t r o n s   26 

emi t ted   as  a  r e s u l t   of  E-beam  impingement  onto  the  sample  18.  A  s i g n a l  

from  sensors   22,  24  is  supp l ied   to  a  b a c k s c a t t e r e d   e l e c t r o n   d e t e c t o r   28 

which  is  used  to  provide  an  input  to  the  c o r r e c t i o n   increment   g e n e r a t o r   30. 

The  c o r r e c t i o n   increment   g e n e r a t o r   30  i n t e g r a t e s   the  s i gna l   during  e ach  

pai r   of  scans  and  d i g i t i z e s   the  r e s u l t i n g   va lue .   The  c o r r e c t i o n   i n c r e m e n t  

g e n e r a t o r   30  produces  an  output   r e p r e s e n t i n g   the  d i f f e r e n c e   of  the  v a l u e  



rece ived   by  the  c o r r e c t i o n   increment   g e n e r a t o r   for  each  of  the  scans.   T h i s  

output  is  a  p o s i t i o n   c o r r e c t i o n   increment .   The  value  is  used  as  an  i n p u t  

to  the  c o r r e c t i o n   g e n e r a t o r   32  which  adds  the  increment   to  the  e x i s t i n g  

p o s i t i o n   c o r r e c t i o n   value  thereby  g e n e r a t i n g   an  updated  p o s i t i o n   c o r r e c t i o n  

value  used  as  an  input   to  the  beam  p o s i t i o n   c o r r e c t i o n   d r i ve r   34.  

The  beam  p o s i t i o n   c o r r e c t i o n   d r i ve r   34  conver t s   the  p o s i t i o n   c o r r e c t i o n  

value  r ece ived   from  the  c o r r e c t i o n   g e n e r a t o r   32  into  an  analog  s i g n a l .  

This  analog  c o r r e c t i o n   s i gna l   is  supp l i ed   to  the  beam  p o s i t i o n   d r i ve r   36 

which  is  used  to  r e p o s i t i o n   the  beam  via  a  c o n t r o l   input   to  s t e e r i n g  

p l a t e s   16. 

R e f e r r i n g   now  to  Fig.  4A,  a  block  diagram  of  the  c o r r e c t i o n   i n c r e m e n t  

g e n e r a t o r   30  in  Fig.  3  is  shown.  The  s i gna l   from  the  b a c k s c a t t e r e d  

e l e c t r o n   d e t e c t o r   28  p rov ides   input   to  the  i n t e g r a t o r   40,  e i t h e r   d i r e c t l y  

or  through  the  i n v e r t e r   41.  The  i n v e r t e r   41  is  used  during  the  f i r s t   s c a n  
(T1  to  T2)  for  example,  and  bypassed  during  the  second  scan  (T3  to  T4)  by 

using  switch  43  a c t u a t e d   by  a  l s t / 2 n d   scan  c o n t r o l   s i g n a l .   I n t e g r a t o r   40 

has  i t s   o p e r a t i o n   c o n t r o l l e d   by  a  Reset  s i g n a l   and  an  I n t e g r a t e / H o l d  

s i gna l   from  the  d i g i t a l   c o n t r o l l e r   (not  shown).  The  r e s e t   l ine   is  employed 

to  zero  the  i n t e g r a t o r .   The  i n t e g r a t e / h o l d   l ine   enables   i n t e g r a t i o n   t o  

occur  when  a  f e a t u r e   edge  is  being  scanned  or  causes  the  i n t e g r a t e d   s i g n a l  

to  be  held  u n t i l   a f t e r   the  sample  and  hold  (S/H)  module  42  is  set  to  h o l d .  

As  an  example,  during  scanning  of  window  1B,  the  l s t / 2 n d   Scan  s i g n a l  

causes  the  input   s i gna l   to  go  through  the  i n v e r t e r ,   and  the  I n t e g r a t e / H o l d  

s i gna l   causes  the  input   s i gna l   to  be  i n t e g r a t e d   for  a  f ixed  t i m e  

(T  =  T2 -  T1).  During  scanning  of  window  lA,  the  l s t / 2 n d   Scan  s i g n a l  

causes  the  input  s i gna l   to  bypass  the  i n v e r t e r   and  the  I n t e g r a t e / H o l d  

s igna l   causes  the  input   s i gna l   to  be  i n t e g r a t e d   for  the  same  f ixed  amount 
of  time  (T  =  T4 -  T3).  This  is  shown  in  Fig.  4B  which  p lo t s   i n t e g r a t o r  

output   as  a  f u n c t i o n   of  t i m e .  

Upon  comple t ion   of  the  scans,   the  system  c o n t r o l l e r   uses  the  Convert  Scan 
Value  s igna l   l ine   to  set  the  sample  and  hold  module  42  to  a  hold  mode. 

After   p r o c e s s i n g   the  Convert  Scan  Value  s i gna l   through  a  delay  module  44,  

a  s igna l   is  provided  to  the  analog  to  d i g i t a l   c o n v e r t e r   46  to  conver t   t h e  

analog  input   l eve l   r ece ived   from  the  sanple  and  hold  module  42  i n t o r t .  

e q u i v a l e n t   d i g i t a l   va lue .   Wher  the  A/I 



sion  i t   outputs   the  d i g i t i z e d   P o s i t i o n   C o r r e c t i o n   Increment ,   which  is  u s e d  

as  an  input  to  a  c o r r e c t i o n   g e n e r a t o r   32,  and  a  Data  Ready  s i g n a l .  

Re fe r r i ng   to  Fig.  5,  a  block  diagram  of  the  c o r r e c t i o n   g e n e r a t o r   32  i s  

shown.  A  f i r s t   input  to  the  c o r r e c t i o n   g e n e r a t o r   is  the  p o s i t i o n   c o r r e c t i o n  

increment   s i g n a l .   The  c o r r e c t i o n   g e n e r a t o r   accepts   th i s   p o s i t i o n   c o r r e c t i o n  

increment   value  as  an  input   and  adds  i t   to  the  p r e sen t   c o r r e c t i o n   v a l u e  

thereby  g e n e r a t i n g   an  output   which  is  the  updated  P o s i t i o n   C o r r e c t i o n  

Value  sent  to  a  beam  p o s i t i o n   c o r r e c t i o n   d r i v e r .  

Thus,  as  shown  in  Fig.  5  the  c o r r e c t i o n   g e n e r a t o r   u t i l i z e s   an  adder  60 

r e c e i v i n g   the  p o s i t i o n   c o r r e c t i o n   increment   s i gna l   as  one  input .   A  p r e s e n t  
c o r r e c t i o n   g e n e r a t o r   62  holds  the  p re sen t   c o r r e c t i o n   value  which  is  u sed  

to  form  a  second  input  to  the  adder.   The  adder  then  combines  the  p r e s e n t  
c o r r e c t i o n   s i gna l   with  the  p o s i t i o n   c o r r e c t i o n   increment   to  provide  a  new 

c o r r e c t i o n   value  which  is  used  to  update  r e g i s t e r   62.  This  updated  o u t p u t ,  
the  new  p o s i t i o n   c o r r e c t i o n   va lue ,   is  used  as  the  output   of  the  c o r r e c t i o n  

g e n e r a t o r   forming  an  input  to  the  beam  p o s i t i o n   c o r r e c t i o n   d r i v e r .  

As  shown  in  Fig.  5  the  p o s i t i o n   c o r r e c t i o n   increment   is  also  fed  to  a 

comparator  64  r e c e i v i n g   as  a  second  input  a  "Maximum  Increment   For  No 

Rescan"  s i gna l   66.  The  two  va lues   are  compared  in  the  comparator   64.  I f  

the  c o r r e c t i o n   increment   exceeds  the  p r ede t e rmined   allowed  l i m i t ,   a  s i g n a l  

is  r e t u rned   to  the  d i g i t a l   c o n t r o l l e r .   This  s igna l   from  the  c o m p a r a t o r  
wi l l   then  cause  the  r e g i s t r a t i o n   scanning  to  be  r e p e a t e d .  

Re fe r r ing   now  to  Fig.  6,  the  block  diagram  of  the  beam  p o s i t i o n   c o r r e c t i o n  

d r ive r   34  is  i l l u s t r a t e d .   The  p o s i t i o n   c o r r e c t i o n   value  output   from  t h e  

p resen t   c o r r e c t i o n   r e g i s t e r   62  is  used  to  form  p a r a l l e l   inputs   to  a  p a i r  

of  c o r r e c t i o n   r e g i s t e r s ,   i . e .   an  X  c o r r e c t i o n   r e g i s t e r   68  and  a  Y  c o r r e c -  

t ion  r e g i s t e r   70.  The  value  is  s t robed   into  one  or  the  other   of  the  r e g i s -  

ters   68  and  70,  depending  on  the  s t a t e   of  the  X/Y  c o r r e c t i o n   l ine   input  t o  

s e l e c t i o n   logic   72.  That  logic   network  r e c e i v e s   as  a  second  s igna l   a  d a t a  

ready  s i gna l   supp l ied   from  the  c o r r e c t i o n   increment   g e n e r a t o r   shown  i n  

Fig.  4A  as  an  output   from  delay  74  as  f u r t h e r   p rocessed   from  the  c o r r e c t i o n  

gene ra to r   shown  in  Fig.  5  in  a  subsequent   delay  module  76.  Thus,  the  u l t i -  

mate  data  ready  s i gna l   into  logic   network  72  provides   a  second  input  t o  

the  pa i r   of  AND  gates  such  that   the  p o s i t i o n   c o r r e c t i o n   value  is  s t r o b e d  

into  e i t h e r   of  the  c o r r e c t i o n   r e g i s t e r s   68  or  70  at  the  proper  t i m e .  



The  va lues   in  the  X - r e g i s t e r   68  and  the  Y - r e g i s t e r   70  are  c o n t i n u o u s l y  

i n p u t t e d   to  a  pa i r   of  d i g i t a l / a n a l o g   c o n v e r t e r s   78,  80.  The  output   o f  

those  c o n v e r t e r s   are  analog  X  and  Y  c o r r e c t i o n   s i g n a l s   sent  to  the  beam 

p o s i t i o n   d r i v e r   36.  The  beam  p o s i t i o n   d r i v e r   36  a d j u s t s   beam  p o s i t i o n   i n  

accordance   with  known  t e c h n i q u e s .   When  e i t h e r   c o r r e c t i o n   d r i ve r   is  u p d a t e d ,  

a  C o r r e c t i o n   Applied  s i gna l   is  sent  to  the  d i g i t a l   c o n t r o l l e r   as  a 

f unc t i on   of  the  output   of  the  OR  gate  in  log ic   network  72  as  p r o c e s s e d  

through  delay  c i r c u i t r y   82.  

Thus,  in  accordance   with  the  p r e sen t   i n v e n t i o n   a  r e g i s t r a t i o n   t echnique   i s  

provided  having  the  a b i l i t y   to  handle  out  of  range  r e g i s t r a t i o n   c o n d i t i o n s  

while  enab l ing   a  maximum  of  r e g i s t r a t i o n   s e n s i t i v i t y .   This  is  a c c o m p l i s h e d  

by  u t i l i z i n g   smal le r   width  scans  s ince  the  cap ture   range  is  independent   o f  

c o r r e c t i o n   range.   The  system  also  e l i m i n a t e s   the  need  for  p r e c i s e  

p r e - a l i g n m e n t .  

I m p o r t a n t l y ,   the  p r e sen t   i n v e n t i o n   e l i m i n a t e s   r e g i s t r a t i o n   c o r r e c t i o n  

e r ro r s   which  are  caused  by  b a c k s c a t t e r e d   c u r r e n t   v a r i a t i o n s   s ince  i t  

u t i l i z e s   s u c c e s s i v e   c o r r e c t i o n   i n c r e m e n t s .  

As  set  fo r th   h e r e i n ,   the  c o r r e c t i o n   g e n e r a t o r   32  a l lows ,   by  c o m p a r i s o n  

c o n t r o l ,   the  r e g i s t r a t i o n   scan  to  be  r epea t ed   thereby  c o n t r o l l i n g   t h e  

c o r r e c t i o n   e r ro r   for  s u c c e s s i v e   samples,   for  example  those  of  s i g n i f i c a n t l y  

vary ing   m a t e r i a l   t o l e r a n c e s .   Such  is  an  impor tan t   s p e c i f i c   advance  in  t h i s  

t echnology .   The  t echn ique   when  employed  for  such  samples  w i l l   now  be  

d i s c u s s e d .  

Consider   again  Fig.  1  and  the  scanned  area  d iv ided   such  that   the  s c a n  
width  W  is  d iv ided   into  p o r t i o n   X1  and  X2.  Also,  le t   SA  equal  the  s i g n a l /  

uni t   area  in  the  c l e a r ,   tha t   is ,   the  g l a s s ,   region  and  SB  be  the  s i g n a l /  

uni t   area  in  the  opaque  or  metal  reg ion .   Thus,  the  s i gna l   r ece ived   f rom 

scan  area  1A  would  e q u a l :  

C o r r e s p o n d i n g l y ,   the  s i gna l   from  the  r i gh t   hand  scan  area  1B  would  e q u a l :  

The  t r a n s l a t i o n   e r ro r   of  the  pai r   of  scanned  windows  with  r e spec t   to  t h e  

f e a t u r e   is  t h e r e f o r e   r e l a t e d   to  the  s i gna l   (S)  ob ta ined   by  tak ing   t h e  

d i f f e r e n c e   between  the  i n t e g r a t e d   s i g n a l s   ob ta ined   while  scanning  t h e  



r igh t   and  l e f t   scan  areas  1A  and  1B.  The  d i f f e r e n c e   s i gna l   can  then  be  

def ined  a s :  

For  a  given  s i t u a t i o n ,   the  scan  l ength   L  is  f ixed .   For  r e p e a t a b l e   u n i f o r m  

c o a t i n g s ,   the  c l ea r   and  opaque  b a c k s c a t t e r e d   s i gna l   l e v e l s / u n i t   area,   SA 
and  SB  are  cons tan t   so  tha t   t h e i r   d i f f e r e n c e   (SA -  SB)  w i l l   also  b e  

c o n s t a n t .  

Then,  S  = K  (X2 -  X1)  = K  AX 

where,  K  = L  ( S A - S B )   =  c o n s t a n t  

and  AX  =  the  beam  (scan  window  pa i r )   to  f e a t u r e   m i s p o s i t i o n i n g .  

Thus,  the  d i f f e r e n c e   s i gna l   is  p r o p o r t i o n a l   to  the  beam  to  p a t t e r n   a l i g n -  

ment  d i f f e r e n c e ,   so  that   the  s igna l   can  be  used  to  c o r r e c t   the  beam  t o  

p a t t e r n   a l i g n m e n t .  

However,  v a r i a t i o n s   in  m a t e r i a l   t h i c k n e s s   w i l l   a f f e c t   the  s igna l   l e v e l s  

from  the  opaque  (SB)  area  p r i m a r i l y   and  conduc t ive   coated  c l ea r   r e g i o n s  

(SA)  on  a  mask.  This  e f f e c t   w i l l   be  minimized  and  may  be  made  n e g l i g i b l e  

by  m a i n t a i n i n g   t i g h t   t o l e r a n c e s   on  m a t e r i a l   v a r i a t i o n   from  p l a t e   to  p l a t e  

and  wi th in   a  p l a t e .  

Assuming  the  m a t e r i a l   t o l e r a n c e s   between  p l a t e s   or  over  a  p l a t e   r e s u l t   i n  

a  s igna l   range  SA'-SB'  tha t   is  t i m e s   that   of  the  nominal  case,  t h e  

c o r r e c t i o n   s i gna l   S'  becomes:  

and  AS',  the  e r ro r   in  the  c o r r e c t i o n   s i g n a l ,   i s :  

which  makes  the  c o r r e c t i o n   e r ro r   p r o p o r t i o n a l   to  the  c o r r e c t i o n .  

The  p o s i t i o n   e r ro r   can  be  kept  small  by  keeping  the  f i n a l   c o r r e c t i o n  

increment   small .   For  example,  if  β  =  1.1  (10%  i n c r e a s e   in  the  s i g n a l  

d i f f e r e n c e )   the  c o r r e c t i o n   wi l l   be  in  e r ro r   by  10%.  Then,  the  c o r r e c t i o n  



e r ro r   may  be  ma in ta ined   below  a  s p e c i f i c   value  by  keeping  the  f i n a l  

c o r r e c t i o n   increment   below  10  times  that   c o r r e c t i o n   e r ro r   l i m i t .   A  g r a p h  

can  t h e r e f o r e   be  compiled  of  c o r r e c t i o n   e r ro r   versus   c o r r e c t i o n   s i g n a l .  

Such  a  graph,  not  shown,  would  plot   the  c o r r e c t i o n   e r ro r   as  a  f unc t ion   o f  

the  p o s i t i o n   c o r r e c t i o n   for  va r ious   β  v a l u e s .   Consequent ly ,   if  β  =  1  i s  

the  e r ro r   f ree   case,   β =  1.1  would  imply  a  s igna l   d i f f e r e n c e   10%  h i g h e r  

than  the  nominal.   Consequent ly ,   a  c o r r e c t i o n   e r ro r   l im i t   may  be  m a i n t a i n e d  

at,   for  example ,  +   0.025  µm,  which  l i m i t s   the  f i n a l   p o s i t i o n   c o r r e c t i o n   t o  

a  range  + 0 .25  pm  for  a  10%  change  in  the  s igna l   d i f f e r e n c e .   (β  =  1.1  o r  

0.9)  and  to  the  range  +  0.5  µm  for  a  5%  v a r i a t i o n   in  the  s i g n a l s   d i f f e r -  

e n c e .  

L imi t ing   the  f i n a l   c o r r e c t i o n   increment   is  accompl ished  u t i l i z i n g   t h e  

comparator   64  shown  in  Fig.  5  tha t   s i g n a l s   the  d i g i t a l   c o n t r o l l e r   when  t h e  

p o s i t i o n   c o r r e c t i o n   value  exceeds  the  value  in  which  the  p o s i t i o n   e r r o r  

l im i t   would  be  exceeded.  The  p o s i t i o n   is  updated  and  the  f e a t u r e   i s  

rescanned  u n t i l   the  c o r r e c t i o n   increment   is  a c c e p t a b l e .  

Thus,  in  accordance   with  the  p r e s e n t   i n v e n t i o n   an  a l ignment   system  f o r  

r e g i s t r a t i o n   of  a  scanning  beam  u t i l i z i n g   b a c k s c a t t e r e d   e l e c t r o n s   in  a 

mask  i n s p e c t i o n   tool   is  def ined   having  improved  c h a r a c t e r i s t i c s .   The 

system  al lows  the  use  of  minimum  scan  widths  in  a  r e g i s t r a t i o n   process   t o  

thereby  s i g n i f i c a n t l y   i n c r e a s e   r e g i s t r a t i o n   s e n s i t i v i t y .   Although  t h e  

system  has  been  def ined   r e l a t i v e   to  i t s   p r e f e r r e d   embodiment,  i t   i s  

apparen t   tha t   l i g h t   or  other   beams  may  be  used,  and  other   m o d i f i c a t i o n s  

may  be  p r a c t i s e d ,   wi thout   d e p a r t i n g   from  the  e s s e n t i a l   scope  of  t h i s  

i n v e n t i o n .  



1.  A  system  of  a l i g n i n g   a  scanning  beam  (14)  to  a  p a t t e r n   formed  on  a  

sample  (18)  c o m p r i s i n g :  

sensor  means  (22,  24,  28)  for  g e n e r a t i n g   s i g n a l s   during  scans  o f  

s e p a r a t e   p o r t i o n s   of  a  p a t t e r n ;  

c h a r a c t e r i z e d   by:  

con t ro l   means  for  causing  pa i r s   of  scans  (lA,  1B)  over  equal  a r e a s  

with  minimum  width  (W)  s t r a d d l i n g   oppos i t e   edges  of  a  b a r - l i k e  

po r t i on   (3)  of  a  p a t t e r n   at  a  l o c a t i o n   where  said  p o r t i o n   is  e x p e c t e d  

to  be  s i t u a t e d ;  

p r o c e s s i n g   means  (30)  r e c e i v i n g   said  s i g n a l s   during  each  scan  p a i r  

and  producing  a  p o s i t i o n   c o r r e c t i o n   increment   s igna l   having  a  s i g n  

and  a  magnitude  i n d i c a t i v e   of  the  d i r e c t i o n   and  the  amount  o f  

m i s p o s i t i o n   of  said  beam  r e l a t i v e   to  said  s e p a r a t e   p o r t i o n s   (3)  o f  

said  p a t t e r n ;   and 

means  (32)  r e c e i v i n g   said  p o s i t i o n   c o r r e c t i o n   increment   s i gna l   and 

combining  i t   with  the  c o r r e c t i o n   which  was  app l i ed   during  said  s c a n s  

to  produce  a  c o r r e c t i o n   s i gna l   having  a  magnitude  i n d i c a t i v e   of  t h e  

amount  of  r equ i red   beam  c o r r e c t i o n   and  a  sign  i n d i c a t i v e   of  t h e  

r equ i red   d i r e c t i o n   of  c o r r e c t i o n .  

2.  The  system  of  claim  1  f u r t h e r   compris ing  a  beam  p o s i t i o n   c o r r e c t i o n  

d r ive r   (34)  r e c e i v i n g   said  c o r r e c t i o n   s igna l   and  p rov id ing   o u t p u t s  
for  r e p o s i t i o n i n g   said  scanning  beam  for  a  subsequent   scan  of  s a i d  

p a t t e r n .  

3.  The  system  of  claim  2  f u r t h e r   compris ing  an  E-beam  source  (12)  and  an 

evacua t ion   column  (10),  a  t ab le   (20)  p o s i t i o n e d   in  said  column,  a  

sample  (18)  having  said  p a t t e r n   p o s i t i o n e d   on  said  t a b l e ,   said  s e n s o r  

means  (22,  24)  p o s i t i o n e d   in  said  column  ou t s ide   the  scan  range  o f  

said  E-beam  to  r ece ive   b a c k s c a t t e r e d   e l e c t r o n s   from  said  p a t t e r n ,   and 

a  beam  p o s i t i o n   d r ive r   (36)  with  a s s o c i a t e d   means  (16)  in  said  column 

r e c e i v i n g   the  outputs   from  said  beam  p o s i t i o n   c o r r e c t i o n   d r i ve r   (34) 



for  r e p o s i t i o n i n g   said  scanning  beam. 

4.  The  system  of  a  p rev ious   claim  wherein  said  p r o c e s s i n g   means  (30) 

comprises  s igna l   c o n v e r t i n g   means  (40-46)  for  conve r t i ng   e r ro r   s i g n a l s  

from  said  sensor   means  into  a  d i g i t i z e d   ou tpu t ,   means  (42,  44,  46)  f o r  

s t o r i n g   the  d i g i t i z e d   ou tpu t ,   and  t iming  means  (44,  74)  for  s e l e c -  

t i v e l y   ga t ing   said  d i g i t i z e d   output   as  a  f u n c t i o n   of  the  scan  ra te   o f  

said  scanning  beam. 

5.  The  system  of  claim  4  wherein  said  s i gna l   conve r t i ng   means  c o m p r i s e s  

an  i n t e g r a t o r   (40)  r e c e i v i n g   said  e r ro r   s i g n a l s ,   a  b u f f e r   (42) 

r e c e i v i n g   the  output   of  said  i n t e g r a t o r   and  an  analog  to  d i g i t a l  

c o n v e r t e r   (46)  o p e r a t i v e   to  r ece ive   the  output   of  said  b u f f e r   as  a 

f unc t i on   of  said  t iming  means  ( 4 4 ) .  

6.  The  system  of  a  p rev ious   claim  compris ing  a  c o r r e c t i o n   g e n e r a t o r   (32) 

having  a  p o s i t i o n   c o r r e c t i o n   r e g i s t e r   (62)  s t o r i n g   a  s igna l   i n d i c a t i v e  

of  the  scanning  p o s i t i o n   c o r r e c t i o n   of  said  scanning  beam,  an  a d d e r  

(60)  r e c e i v i n g   the  output   of  said  c o r r e c t i o n   r e g i s t e r   and  s a i d  

c o r r e c t i o n   increment   s i gna l   and  producing  as  an  input   to  said  c o r r e c -  

t ion  r e g i s t e r   an  updated  p o s i t i o n   c o r r e c t i o n   s i gna l   r e p r e s e n t i n g   a  

new  scanning  p o s i t i o n   c o r r e c t i o n   of  said  scanning  beam. 

7.  The  system  of  a  p rev ious   claim  f u r t h e r   compris ing  means  (66)  f o r  

s t o r i n g   a  l imi t   s igna l   r e p r e s e n t i n g   a  maximum  c o r r e c t i o n   i n c r e m e n t  

for  no  rescan ,   and  comparator   means  (64)  r e c e i v i n g   said  l im i t   s i g n a l  

and  said  p o s i t i o n   c o r r e c t i o n   increment   s igna l   and  producing  an  o u t p u t  

if  said  c o r r e c t i o n   increment   s i gna l   exceeds  said  l imi t   s i gna l   whereby  

said  scan  pai r   wi l l   be  r e p e a t e d .  

8.  The  system  of  claim  2  wherein  said  c o r r e c t i o n   d r ive r   (34)  comprises  a 

pai r   of  c o r r e c t i o n   r e g i s t e r s   (68,  70),  t iming  means  (72)  for  d i r e c t -  

ing  the  s t o r i n g   of  said  c o r r e c t i o n   s igna l   in  e i t h e r   one  of  s a i d  

c o r r e c t i o n   r e g i s t e r s   and  c o n v e r t e r   means  (78,  80)  for  conve r t i ng   t h e  

s i g n a l s   s to red   in  said  c o r r e c t i o n   r e g i s t e r s   into  an  analog  o u t p u t  

s i gna l   pa i r   for  r e p o s i t i o n i n g   said  scanning  beam  ( 1 4 ) .  

9.  The  system  of  claim  8  wherein  one  of  said  c o r r e c t i o n   r e g i s t e r s   s t o r e s  

an  X - d i r e c t i o n   c o r r e c t i o n   s igna l   and  the  other   of  said  c o r r e c t i o n  



r e g i s t e r s   s t o re s   a  Y - d i r e c t i o n   c o r r e c t i o n   s i g n a l .  

10.  The  system  of  claim  6  wherein  said  p o s i t i o n   c o r r e c t i o n   r e g i s t e r   (62) 

comprises  a  pa i r   of  r e g i s t e r s ,   one  s t o r i n g   an  X - d i r e c t i o n   s i g n a l  
i n d i c a t i v e   of  the  scanning  p o s i t i o n   c o r r e c t i o n   of  said  scanning  beam, 

and  a  second  r e g i s t e r   s t o r i n g   a  Y - d i r e c t i o n   s i gna l   i n d i c a t i v e   of  t h e  

scanning  p o s i t i o n   c o r r e c t i o n   of  said  scanning  beam. 
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